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Drastic change of the Fermi surface size
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Fermi surface reconstruction

What is the order responsible for the reconstruction?
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Hall effect

D. LeBoeuf et al, PRB'11
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Charge order detected by NMR
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* Pulsed echo technique

* Sound velocity: thermodynamic quantity related to the elastic constants of a solid
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* No indication about the nature of the transition ~km/s

séminaire Roscoff. 09 ianvier 2013



Determination of B,
(solid liquid vortex transition)

Sound velocity

Derivative

Magnetoresistance




Determination of B,
(solid liquid vortex transition)
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Transition is in good agreement with the expected phase diagram
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Tracking of the anomaly B_,
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What is the nature of the transition responsible for this anomaly?
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Tracking of the charge order transition B,

1 o
%]
o
o
—

(zHW) Cay

%]
3
o [
o
- L
o

°r e
°
Q-

-

- 0

T(K)

First thermodynamic determination of the field induced

f 09 iany

100

30+ |
Charge order %
4
O ...g e . Bco
15+
a2
~.?/7@
vortex ',
solid Ry
Bm i
0 | ) [ L LTS, I
0 20 40 60
T (K)

competing charge order




Symmetry of charge order

Mode | Propagation vector ¢ | Polarisation vector u
Ci1 1 1050: 13030
Caa 0,1,0] 0,0,1]
Css 1 1010: 030:1
Ces 011 JO 1 JOJO

Order parameter-strain coupling:

F C — g mn Q’n én

Such coupling is symmetry allowed only if " and Q™ transform according to the
same irreducible representation
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Symmetry of charge order

o\_,/\\ b

1\ $o®©0 - e

\I‘\ e C”

, \// R Ci| ¢ Pv O o Ps 0O
g oo | B——* O o @
= 00\ c |
2] |00 0| @00

! ; ; b O PB2 O ® PB1 O
® c® O ° @

0 1I0 2IO
B (T)

30

40

séminaire Roscoff. 09 ianvier 2013

Bi-axial charge order



Conclusion

» Charge order in competition with superconductivity

e Sound velocity is at the moment the only
thermodynamic probe available to study in high field
the charge order observed in underdoped cuprates

* Bi-axial charge order detected by sound velocity
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Doping dependence of Seebeck coefficients in YBCO and Eu-LSCO
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[rr. Rep. E C, C; C, Basis functions Symmetric strains
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Field stabilized charge-stripe order in competition with superconductivity

T Phase diagram of the competition between SC
and stripe order tuned by a magnetic field at T=0
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Cu2+/3+

Cu-O polyhedra

ortho - 11

*y=6.51:T,=57.5K
*y=6.54: T=60 K
p~0.1




The overdoped case: Tl, Ba CuO6+ 5

* F=18100 + 50 T AMRO ARPES

Onsager relation : F = %2 A

A =mk; =k=7.42 + 0.05nm?
(65 % of the FBZ)

Hussey et al, Nature’03 Platé et al,
2Ak F PRB’05
Luttinger theorem : 1 = 5y —
(27)° @
= Carrier density: n=1.3 carrier /Cu atom (n=1+p with p=0.3)
. . N, kza® .
Electronic specific heat: Y :né‘—.fam = Yy, =6+1mJ/mol.K

For overdoped polycristalline TI-2201: Ya =7 £2mJ/mol.K*  (Loram et al, Physica C'94)

All the numbers are in excellent agreement with
- in-field probes: AMRO, Hall effect
- zero field probes: ARPES, thermodynamic ...
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Ca,,Na,CuO,Cl,
K. Shen et al., Science’05
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The case for the doped Mott insulator

Intensity {arb. units)
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M. Norman et al, Nature'98



FS reCOnStrUCthn scenario
AF | d-DW order 1 electron pocket

(rt, ™) ordering wavevector

o

F.,=530 T

n,=0.038 electron/Cu atom

uS>>w, at low T

>’ l < ~ 2 hole pockets

F.,=990 T

n,=0.138 hole/Cu atom

e.g. electron doped HTSC
N.P. Armitage et al, PRL'02

T. Helm, M Kartsovnik et al, arXiv: 0906.1431
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